. N. J. (1993). Electronic band structure of the twodimensional surface-state bands of the (1×1) and (1×2) phases of Bi/GaSb(110). Physical Review B, 48(16) The surface-state bands of the (1X1) and (1X2) phases of Bi/GaSb(110) have been probed using angle-resolved ultraviolet photoemission spectroscopy with synchrotron radiation. Four Bi-induced surface-state bands have been identified for both the (1 X 1) and the (1 X 2) phases. The bands with the lowest binding energies (S' and S") have been attributed to intrachain bonding in the Bi overlayer and the higher-binding-energy bands (S'" and S' ) to overlayer states involved in the back bonding of the overlayer to the substrate. Based on initial-state dispersion measurements, we conclude that the Bi chains in the epitaxial overlayer remain intact throughout the phase transition. We propose a model for the overlayer structure of the (1 X 2) phase of Bi/GaSb(110).
I. INTRODUCTION
Over the past decade the epitaxial overlayers formed by Sb and Bi on compound semiconductors have been a topic of intense interest. This is primarily due to the epitaxially ordered, atomically abrupt interfaces which form between both Sb and Bi on the (110) surfaces of many III-V compound semiconductors. ' Due to the covalent character of the semimetal-semiconductor bonds, information about overlayer-substrate bonding and structure can be understood by probing the surface-state bands.
The most extensively studied of these systems is Sb/GaAs(110) . ' The accepted model of the overlayer structure of this system is the epitaxial continued layer structure (ECLS), which has been verified with lowenergy electron diffraction (LEED) and scanning tunneling microscopy (STM). ' In this model, the Sb overlayer consists of zigzag chains which run parallel to the [110] direction, and are registered above and between the GaAs substrate chains. However, recently there has been speculation regarding the universality of this structure in the case of Bi overlayers. In a tight-binding total-energy calculation by Bowler et al. ' of both the ECLS and epitaxial on-top structure (EOTS) of Bi/GaAs(110) In Fig. 2 we present the normalized photoemission energy distribution curves of the valence-band spectra of clean GaSb(110) and the p (1 X 1) phase of Bi/GaSb(110).
The spectra were acquired at the X' point of the surface Brillouin zone (SBZ) using a photon energy of 36 eV at an incident angle of 65', and Bi/GaSb(110) across the I -X and the I -X' azimuths. The significance of the bandwidths of the surface bands will be addressed in the discussion. In Fig. 4 Fig. 5 . In Fig. 6 we present the dispersion of the two- (1 X 2) phases are almost equivalent at I of the SBZ, it is possible to make a one-to-one correspondence between these bands of the two phases. Table I ). In fact, the dispersion of Sn and St by -0.60 eV to halfway across the I -X' zone of the (1 X 1) phase is substantially larger than their bandwidths of 0.16 and 0.12 eV, respectively, along the I -X'/2 direction of the (1 X 2) phase. These results, as well as those presented above, should provide useful insight into the effects of the transition on the overlayer intrachain and overlayersubstrate bonds, as well as the nature of these bonds.
IV. DISCUSSION
A. The surface bands of the p ( 1 X 1) phase of Bi/GaSb (110) There are presently two schools of thought regarding the assignment of the surface bands of group-V semimetals on III-V(110) compound semiconductors. In a number of models (ECLS and EOTS), the two uppermost surface bands, which we have designated as S and S", are overlayer states which contribute to overlayer-substrate bonding, and the higher-binding-energy bands S ' and S are overlayer intrachain bonds which do not contribute to overlayer-substrate bonding.
' Others have arrived at the opposite conclusion. ' Consequently, the assignment of which overlayer bands contribute to the bonding of the Bi chains to the substrate, and which do not, has yet to be resolved. We have inferred that the Bi adatoms couple to form chain structures on GaSb (110) Fig. 6 with their corresponding dispersion in the (1 X 1) phase (see Fig. 4 to what we have observed for S' and S". Since S"' and S' do change significantly, this supports our earlier suggestion that these two bands of the (1 X 1) phase are involved in the bonding of the overlayer to the substrate, which we do expect to be strongly afFected by the overlayer transition. 
V. SUMMARY AND CONCLUSIONS
We have probed the occupied surface bands of the (1X1) and (1X2) phases of Bi/GaSb(110) using angleIn light of the surface band-structure measurements of the two phases of Bi/GaSb(110), we are of the inclination that the Bi chains remain intact after the transition from the (1 X 1) to the (1 X 2) phase. In Fig. 7 we present one possible overlayer structure of the (1X2) phase. In this model, the geometry of the overlayer consists of a combination of both the ECLS and the EOTS. Neighboring chains couple together with one chain registered above a substrate chain (EOTS), while the other occupies a bridge site above and between two substrate chains (ECLS). This geometry will leave rows of Sb atoms of the first layer of the substrate, which are between the double chains of the Bi overlayer, with dangling occupied orbitals while satisfying the remainder of the substrate bonds. This overlayer structure will achieve the (1X2) structure, while leaving the chains intact. This geometry has the added advantage that it would introduce the necessary asymmetry to explain the breakdown of the degeneracy of S' and S" in the (1 X 1) phase after the surface transition.
resolved photoemission spectroscopy with synchrotron radiation. For the (1X1) phase, we have identified four Bi-induced surface bands from lower to higher binding
